INTRODUCTION {#sec1-1}
============

Dental sciences have gone through a plethora of changes both in concepts and techniques in the last few decades. Although the use of loupes and surgical operating microscope to achieve magnification to perform various procedures in different disciplines of medical and surgical field is widely acclaimed, its incorporation in dentistry, particularly periodontics needs to be addressed at a broader level. This article provides a review of applications of periodontal microsurgery for the procedures ranging from mucogingival surgeries to the regenerative procedures and implant dentistry. A brief overview of microsurgical principles, ergonomics, and instruments is also discussed.

MATERIALS AND METHODS {#sec1-2}
=====================

A thorough literature search of PubMed or Medline and Google Scholar was conducted for relevant material from studies up to 2017. Medical Subject Headings words searched were "periodontal microsurgery" and "minimally invasive periodontal surgery." Systematic and narrative reviews, relevant case reports/case series, clinical and comparative studies pertaining specifically to periodontal surgical procedures and published in English were included. All articles were selected with no inclusion or exclusion criteria.

History {#sec2-1}
-------

Daniel defined microsurgery in broad terms as surgery performed under magnification by the microscope.\[[@ref1]\] Serafin described microsurgery as a methodology -- modification and refinement of existing surgical techniques using magnification to improve visualization, with applications to all specialties.\[[@ref2]\]

Apotheker and Jako first introduced commercial operating microscope to dentistry in 1981.\[[@ref3]\] Microsurgery was introduced to the field of periodontics in 1992.\[[@ref4]\] A continuing education course was subsequently conferred by Shanelec and Tibbetts on periodontal microsurgery at the annual meeting of the American Academy of Periodontology held in 1993.\[[@ref5]\]

Microsurgical triad {#sec2-2}
-------------------

Operating microscope renders three unambiguous benefits of illumination, magnification, and increased precision in delivery of surgical skills, collectively known as microsurgical triad \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref6]\] Illumination achieved through fiberoptic technology has improved the methods of focusing light on specific areas and is a standard feature of surgical operating microscopes.

![Microsurgical triad](JISP-22-5-g001){#F1}

Magnification, the second component of the microsurgical triad, can be achieved through the use of the loupes and the operating microscope. Both types of optical magnification have their own advantages and limitations.\[[@ref7]\] Loupes can be simple, compound, or prism in design. These are available in the form of eyeglasses or attached to a headset.

Compound and prism designs produce superior magnification and are commonly used in dentistry today.\[[@ref8]\] Caplan published an excellent review article that describes comparison of different types of loupes.\[[@ref9]\] In a well-established periodontal microsurgical practice, 70%--80% of the typical periodontal microsurgeries can be done at a magnification of ×10--×20 with the surgical operating microscope. The remaining procedures can be performed with loupes under ×6--×8 using enhanced motor skills acquired during microsurgery training sessions with a surgical microscope.\[[@ref10]\] Under magnification of ×20, the preciseness of hand movement approaches 10 μm and visual resolution approaches 1 μm.\[[@ref11]\] Proprioceptive guidance is therefore of little value under the microscope.\[[@ref12]\]

Increased precision in delivery of surgical skills, the third component of microsurgical triad, is the synergistic result of illumination and magnification.

Ergonomics in microsurgery {#sec2-3}
--------------------------

Operating surgeon must have a relaxed state of mind, good body comfort and posture, a well-supported hand, and a stable instrument-holding position.\[[@ref7]\] To accomplish precise controlled movements of fingers, the ulnar surface of the forearm and wrist should be supported by resting on a flat surface, angled in a dorsiflexion position at approximately 20° to reduce muscle tremor originating from both the unintentional and intentional actions of the body.\[[@ref13][@ref14]\] The operating surgeon must be seated upright (back straight and head erect) with both feet flat on floor so that thighs are parallel to the floor. All movements should be efficient enough to produce purposeful, deliberate motions.

The most commonly advocated precision grip for microsurgical procedures is the pen grip or internal precision grip \[[Figure 2](#F2){ref-type="fig"}\], which provides a greater stability in comparison to any other hand grip due to the tripod formed by the fingers, while the middle finger holds the instrument.\[[@ref13][@ref15]\] It is best to start with the pen grip until basic manipulations are mastered and more freehand positions can be initiated.\[[@ref7]\]

![Precision grip](JISP-22-5-g002){#F2}

Ergonomic benefits in the form of diminished shoulder, neck, and back problems, improved vision, and reduced eye fatigue have been reported from the findings of qualitative research at Vancouver Community College in British Columbia.\[[@ref16][@ref17]\] Therefore, beneficial ergonomic aspect of magnification may be the most influential factors in its adoption by the dental profession at large scale.

Microsurgical instruments {#sec2-4}
-------------------------

Smaller instruments can be used with more precision due to improved visual acuity. To aid in proper handling and for a high-precision movement, microsurgical instruments should be slightly top heavy, circular in cross-section, and approximately 18 cm in length.\[[@ref18]\] Shorter instruments with a rectangular cross-sectional design do not allow precise manipulation and are not ideal for microsurgery.\[[@ref7]\] Microsurgical instruments usually have a color-coated surface to avoid an unfavorable metallic flare due to the light of the microscope. Weight of microsurgical instruments should not be more than 15--20 g to avoid fatigue of hand and arm muscles.\[[@ref18]\] Needle holders should have an appropriate working lock which does not surpass a locking force of 50 g (0.5 N) as low locking forces diminish the precision and high locking forces engender tremors \[[Figure 3](#F3){ref-type="fig"}\].\[[@ref18]\]

![Relative size of microsurgical and conventional needle holder](JISP-22-5-g003){#F3}

Different manufacturers provide sets of periodontal microsurgical instruments made of steel or titanium. Titanium made microsurgical instruments are stronger, lighter, and nonmagnetized in comparison to stainless steel instruments but are expensive and get readily distorted, if not properly cared. Care should be taken during sterilization procedures and transportation so as not to allow instrument\'s tips to touch each other.\[[@ref18]\]

A basic set of microsurgical instruments comprises a microscalpel holder, needle holder, microscissors, microforceps, and elevators. Different types of blades used in ophthalmic surgery can also be used for periodontal microsurgery \[[Figure 4](#F4){ref-type="fig"}\].

![Periodontal microsurgical knives](JISP-22-5-g004){#F4}

The advantage of these knives is their small size and extreme sharpness.\[[@ref6]\] This enables clean, non-ragged incisions to achieve wound healing by primary intention. Needle holders, elevators, mirrors are downsized from those used for conventional periodontal surgery. Small tissue pieces can be removed more efficiently with micro-Vannas scissors.\[[@ref19]\] Slippage of the suture thread while tying a knot can be avoided using forceps with flat surfaced tips or needle holders with a surface roughened through the finely coated diamond grain.\[[@ref20]\]

To minimize the tissue trauma, the sharpest needles, spatula needle (6.6 mm long with curvature of 140°) with microtips, or reverse cutting needles with precision tips are preferred.\[[@ref20][@ref21]\] For microsurgical periodontal procedures, 3/8" circular needle usually provide favorable results. As far as the length of the needle is concerned, 13--15-mm long needles are considered adequate for papillary sutures in posterior areas, 10--12-mm needle lengths in the anterior region, and 5--8 mm long needles are suitable for approximating vertical incisions.\[[@ref18]\] Most periodontal microsurgical suturing is done with sutures ranging in size from 6-0 to 9-0 \[[Figure 5](#F5){ref-type="fig"}\]. Among the different suture materials available, monofilament nonabsorbable sutures are more preferable but should be removed at the earliest biologically acceptable time.\[[@ref22]\] Interestingly, suture materials like Vicryl^®^ Plus (Ethicon®, Norderstedt, Germany) coated with a bacteriostatic substance like triclosan seem to be a looming alternative to further minimize the microbial passage along the sutures.\[[@ref23][@ref24]\]

![Relative size of different sutures](JISP-22-5-g005){#F5}

The combined use of small-sized needles and sutures under magnification permits wound closure with sufficient tension and least possible dead space.

Microsurgical suturing {#sec2-5}
----------------------

Suturing techniques in microsurgery differ from conventional surgery. In microsurgical procedures, the needle should penetrate perpendicular to the tissues and exit at equal distances. Suture bite size should be approximately 1.5 times the tissue thickness to achieve proper wound approximation.\[[@ref25]\]

Knot tying using the microscope is done using instrument ties, with a microsurgical needle holder in the dominant hand and a microsurgical tissue pickup in the nondominant hand.\[[@ref7]\] Integrity of a knot is best achieved with square knots and the preferred knot combination is a surgeon\'s knot followed by a square knot. Adding excess ties to a knot increases its bulk rather than an increase in its strength or integrity.\[[@ref19]\]

Recently, a novel suturing technique based on both the vertical and horizontal mattress sutures supported at the temporarily splinted interdental contact points has been described to ensure a proper soft-tissue harmonization along with atraumatic displacement in minimally invasive periodontal plastic procedures and management of soft tissues around implants.\[[@ref26]\]

Clinical applications {#sec2-6}
---------------------

Periodontal microsurgery is the descendant of conventional periodontal surgery in an attempt to reduce the surgical trauma and opens the horizons for better patient care.

Root surface debridement: The importance of root debridement is recognized universally as an essential component of periodontal therapy.\[[@ref27][@ref28][@ref29][@ref30]\] Several authors have emphasized that thoroughness of root surface debridement is more crucial for the improved outcome of periodontal treatment rather than the choice of grafting modality \[[Figure 6](#F6){ref-type="fig"}\].\[[@ref31][@ref32]\] It has been reported that root instrumentation is effective when done under illumination\[[@ref33]\] along with an improved early healing index and less postoperative pain\[[@ref34]\]Furthermore, root preparation can be done with microultrasonic instruments. The smaller size (about 0.2--0.6 mm in diameter) and variable power settings (25,000 to more than 40,000 cycles per second) of these instruments allows subgingival treatment in deep pockets with less chances of overinstrumentation of the root surface.\[[@ref35]\] Moreover, these instruments have active working sides on all surfaces; deliver ultrasonically activated lavage in the working area and can be used with minimal water spray In conclusion, magnification improves the root surface debridement by enhancing clinician\'s ability to differentiate the calculus from tooth surface and biofilm to the microscopic level, which reveals morphological contours of both supragingival and subgingival tooth surfaces and accurately procreates working end angles during instrumentation\[[@ref36]\]Periodontal regeneration: In the last decades, a modification in the existing surgical procedures and their clinical effectiveness for periodontal regeneration of intrabony defects has been extensively studied.\[[@ref37][@ref38][@ref39][@ref40][@ref41]\] Several authors have proposed the use of microsurgical approach for the treatment of isolated\[[@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48][@ref49][@ref50]\] or multiple\[[@ref51][@ref52]\] intrabony defects. The advantages of microsurgical approach in regenerative therapy relate to improved illumination and magnification of the surgical field that permits proper access to and debridement of the intrabony defect with an increased accuracy and minimal trauma.\[[@ref45][@ref46]\] Furthermore, the competency to achieve and maintain a primary wound closure minimizes bacterial contamination, and thereby provides more favorable conditions for periodontal regeneration\[[@ref44][@ref49][@ref50][@ref53]\]Minimal marginal tissue recession and thus improved esthetics\[[@ref44][@ref49][@ref50][@ref52][@ref54][@ref55]\] and a very limited intra- and postoperative morbidity, thereby high patient acceptance and satisfaction,\[[@ref45][@ref46][@ref49][@ref52][@ref55][@ref56]\] are the other advantages of microsurgical approach for the treatment of intrabony defects. Nevertheless, it should be noted that probing depth reduction and clinical attachment level gain for the regenerative procedures performed with microsurgical approach has been found similar to those achieved with conventional surgical approach.\[[@ref57][@ref58][@ref59]\] A recent meta-analysis found no significant differences in treatment of intrabony defects treated with minimally invasive periodontal surgery (MIPS) plus biomaterials and MIPS alone for the observed parameters (probing depth, clinical attachment level, marginal recession, and radiographic bone fill), pointing out that costs and benefits should be considered substantially while deciding a regenerative therapeutic modality\[[@ref60]\]Isolated interproximal defects that are usually limited to interproximal site are considered ideal for bone grafting with MIPS. Generalized horizontal bone loss and multiple interconnected intrabony defects are a contraindication for MIPS and are best managed with more conventional surgical approaches.\[[@ref57]\] In MIPS, head-mounted operating microscope (Varioscope^®^) with appropriate lightening is preferable rather than a surgical microscope as it allows the visualization of the defect more easily from different angles for proper debridement of the periodontal defect and the root surfaces\[[@ref57]\]Apart from MIPS, minimally invasive nonsurgical therapy has shown significant clinical (probing depth, clinical attachment level) and radiographic improvements for the treatment of periodontal intrabony defects\[[@ref61]\]Recently, a new microsurgical approach for periodontal regeneration named "Entire Papilla Preservation Technique" (EPP) has been described in literature. In this technique, an interdental tunnel is made through the defect associated papilla by giving a beveled vertical releasing incision in the buccal gingiva of the adjacent interdental space.\[[@ref62]\] After granulation tissue removal and root surface debridement, regenerative materials such as bone grafts and enamel matrix derivative are applied. Primary advantage of EPP technique is enhanced wound stability and limited premature exposure of regenerative biomaterialsMucogingival surgery: To achieve an excellent result in terms of both esthetics and function, it is fundamental to perform extremely fine and accurate incisions, meticulous suturing to promote stabilization and immobilization of the graft \[[Figure 7](#F7){ref-type="fig"}\],\[[@ref63]\] and precise closure of wound margins. Therefore, the use of surgical microscope in mucogingival therapy might be helpful for those sites where esthetics demand complete and perfect coverage. Periodontal microsurgery performed by a trained and skilled surgeon offers an improved outcome of the root coverage procedures\[[@ref64][@ref65][@ref66][@ref67][@ref68][@ref69]\] and interdental papilla augmentation.\[[@ref70]\] Compared to the conventional macrosurgical approach for the treatment of gingival recession, microsurgical approach has been shown to offer the distinct advantage of increased vascularization of the grafts,\[[@ref65]\] relatively better percentages of root coverage,\[[@ref65][@ref71][@ref72][@ref73]\] a significant increase in width and thickness of keratinized tissue,\[[@ref66]\] an improved esthetic outcome,\[[@ref64][@ref74]\] and decreased patient morbidity\[[@ref67][@ref75]\]Implant therapy: Surgical microscope can be a valuable tool in implant dentistry. Different stages of implant treatment ranging from implant placement to implant recovery and peri-implantitis management may be accomplished with more precision under magnification.\[[@ref76][@ref77]\] One of the novel applications of microsurgery is in the sinus lift procedure with a success rate of 97%.\[[@ref78][@ref79]\] The surgical microscope can aid indirect visualization of the sinus membrane and minimizes the risk of perforations. Incorporation of microsurgical techniques for an improvement of altered sensation due to implants encroaching on the inferior alveolar nerve even without unscrewing them has also been reported\[[@ref80]\]Crown lengthening: Although the comparative studies of crown lengthening\[[@ref81]\] and ridge augmentation\[[@ref82][@ref83]\] with microsurgical methods are limited, it seems logical to substantiate the fact that magnification is beneficial in such procedures.

![Root surface debridement. (a) Buccal and (b) lingual view showing calculus along the root surface of the bony defect and (c) after root preparation](JISP-22-5-g006){#F6}
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Despite the several benefits of microsurgical principles and techniques, limited adoption of microsurgery in periodontal surgical practice may owe to its inherent disadvantages. These may include restricted areas of vision, loss of depth of field and visual reference point, steep learning curve, and a relatively higher initial cost of microsurgical setup.

Recent advances in microsurgery include three-dimensional on-screen microsurgery system (allows three-dimensional view of the working surgical field on a video monitor obviating the need of direct physical visualization),\[[@ref84]\] HDTV single camera 3D system (involves attachment of a high-definition display with microscope),\[[@ref85]\] and mechanical optical rotating assembly interface (allows the clinician to work at different seating positions).\[[@ref86]\]

CONCLUSION {#sec1-3}
==========

Perusal of the data from the reviewed literature justifies that periodontal microsurgery seems to show promising clinical results along with an increased clinician as well as patient acceptance. As the benefits of magnification in periodontal surgical procedures are realized, its incorporation in periodontal practice at global level will become a treatment standard in the future.
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